Abstract. We present the modeling tool we developed to incorporate multi-technique observations of Cepheids in a single pulsation model: the Spectro-Photo-Interferometry of Pulsating Stars (SPIPS). The combination of angular diameters from optical interferometry, radial velocities and photometry with the coming Gaia DR2 parallaxes of nearby Galactic Cepheids will soon enable us to calibrate the projection factor of the classical Parallax-of-Pulsation method. This will extend its applicability to Cepheids too distant for accurate Gaia parallax measurements, and allow us to precisely calibrate the Leavitt law's zero point. As an example application, we present the SPIPS model of the long-period Cepheid RS Pup that provides a measurement of its projection factor, using the independent distance estimated from its light echoes.
Introduction
One century after the discovery of their Period-Luminosity relation (the Leavitt law) by Leavitt & Pickering (1912) , Cepheids are still the keystone of the empirical cosmic distance ladder. However, due to the large distances of Cepheids (particularly the longperiod pulsators), only relatively imprecise parallax measurements are available (e.g., from Hipparcos; van Leeuwen et al. 2007) . As a result, the calibration of the zero point of the Leavitt law using Galactic Cepheids is insufficient accurate. Gaia's DR2 high accuracy parallaxes will bring a tremendous improvement, with distances to hundreds of individual Cepheids measured to a few percent accuracy. Alternatively, a classical avenue to measure the distances to individual Galactic and LMC Cepheids is the Parallax-ofPulsation (PoP) method, also known as the Baade-Wesselink (BW) technique. We here briefly present the SPIPS modeling tool that we developed to reproduce the classical observables of the pulsation of Cepheids (radial velocity, photometry, interferometry,...), and how we plan to use it in conjunction with the Gaia parallaxes to calibrate the PoP technique and eventually the Leavitt law. 
The Parallax-of-Pulsation technique and SPIPS
The PoP technique relies on the comparison of (1) the amplitude of the pulsation of the star from the integration of its radial velocity curve measured using spectroscopy and (2) the change in angular diameter estimated from its brightness and color, or measured using interferometry. The distance of the Cepheid is then obtained by fitting the linear and angular amplitudes (see, e.g., Storm et al. 2011) . Although potentially precise at the percent level, the major weakness of the PoP technique is that it uses a numerical factor to convert disk-integrated radial velocities into photospheric velocities: the projection factor (p-factor; Nardetto et al. 2017) . It is defined as the ratio of the pulsational velocity over the radial velocity projected on the line of sight. The absolute accuracy of the PoP technique is currently limited by our knowledge of the p-factor, that is degenerate with the distance d (the derived quantity is d/p). This parameter is particularly complex to model, as it represents simultaneously the spherical geometry, the limb darkening, and the gas dynamics in the Cepheid atmosphere.
The Spectro Photo Interferometry of Pulsating Stars (SPIPS; Mérand et al. 2015 ) model of a Cepheid is built assuming that the star is a radially pulsating sphere, for which the pulsational velocity v puls (t) and the effective temperature T eff (t) are the basic parameters. The cyclic variation of these parameters is represented using classical Fourier series or periodic splines functions. The photometry in all filters is computed using AT-LAS9 atmosphere models, considering their bandpasses and zero points. The interstellar reddening is parametrized using the standard E(B − V ) color excess for Milky Way dust (R V = 3.1) and computed for the phase-variable T eff . Angular diameters including limb darkening are produced by the model to match the interferometric measurements, using SATLAS models (Neilson et al. 2013) . Finally, circumstellar envelopes are included in the modeling (Gallenne et al. 2012; Gallenne et al. 2013) , as well as the presence of stellar companions (Gallenne et al. 2015; Gallenne et al. 2017) . SPIPS can be employed with only photometry and radial velocity, but interferometric angular diameters are independent of interstellar absorption, allowing to de-correlate the reddening and the effective temperature. Angular diameters thus bring a considerable added value to the quality and robustness of the derived parameters. Recent applications of SPIPS to Cepheids can be found in Mérand et al. (2015) 
Optical Interferometry and Gaia on Cepheids
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Berdnikov+ 2008 RS Pup (P~41.5d) p=1.250 d=1910.0pc E(B-V)=0.496 K ex =0.027mag H ex =0.016mag 3. The projection factor of RS Puppis and the p − P relation RS Pup is one of the intrinsically brightest Cepheids in the Galaxy, and it is remarkable due to its large circumstellar nebula that reflects the light variations of the Cepheid. From the light echoes, Kervella et al. (2014) derived its distance of d = 1910 ± 80 pc. Knowing the distance resolves the intrinsic distance/p-factor degeneracy of SPIPS and gives access to p. The pulsation model (Fig. 2) has been presented by Kervella et al. (2017) , giving a best-fit p-factor of p = 1.25 ± 0.06 (±5%). The addition of the p-factor of RS Pup to the limited set of existing p-factor measurements is particularly valuable, as it was up to now mostly limited to short and intermediate period Cepheids (Fig. 3) . The other exception is Car (P = 35.5 days), whose parallax was measured by Benedict et al. (2007) 
The contribution of Gaia
Gaia's DR2 in April 2018 will considerably improve the accuracy of Galactic Cepheid parallaxes compared to DR1 (Casertano et al. 2017; Gaia Collaboration 2017) . Based on the foreseen accuracy, more than 400 Cepheid parallaxes will be measured with an accuracy < 3%, out of which approximately one hundred to < 1%. The observations of a sample of 18 long-period Cepheid using the spatial scanning mode of the HST/WFC3 Figure 3. Measured p-factors of Cepheids (from Kervella et al. 2017) . The green point is the measurement of the binary type 2 Cepheid OGLE-LMC-T2CEP-098 by Pilecki et al. (2017) .
by Casertano et al. (2016) will complement this data set. This unprecedented catalog will make it possible to obtain an extremely accurate calibration of the Leavitt law and other fundamental properties of Cepheids. However, to reach this accuracy implies that the pulsation models employed to interpret the observations must also reach this level of accuracy. The flexibility of the SPIPS modeling enables the integration of all types of new and archival observations in a consistent and robust approach. This will contribute to mitigate the influence of various systematics of observational origin, and bring the accuracy of the calibration of the Cepheid distance scale down to 1%.
